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ENZRGCY OF ORGANIC MOLEC GLES

A. V. SAVIGKI \

(Presented by N. N. Semenov, Mexber of the Academy, September 30, 1952.)

A most important constant, essential for many theoretical and practical
calculations, is the energy of dissociation of the different bonds in a mols-
cule, The existing vast_amount of experimental data on the quesiion has been set
forth in review articlesl:;?, Nevertheless there do.. not exist any general
theory which would enable us 10 calculate this quantity,

L. PaaA-.gJ gives a semi-empiric method ¢f calculating the bond
dissociation ensrgy, which takes into account the electronegativity of ths atoms,
But .his method, applicable to biatomic molecules with a covalent bond, is nct
suitable for organic compounds, since it makes no allowance for the mutual
influvence of the atoms, The weaknesses of Pauling's method were pointed out by
A. F, Kapustinski¥, who suggested a new way of quuantitatively calculating the
electronegativity of the atoms. More recently, V, V. Voyevodski’ has con-
structed an empirical formula enabling us to calculate the dissociation energy
of the C~C and C-H bonds of saturated hydrocarbone,

" Since the known empirical relationships :re each agpllcable cnly to
certain specified organic compounds, it seemed to-u% worthwhile.to find an
empirical formula expressing the interconnection between these dissociation
energies,

As is well known, the approximate quantitative calculation of the
discsociation energy c¢f a monoelectronic covalcnt bond leads to the reiationship:

= 1
E = kS8, (1)
where E is the dissociation energy of a molecule A-B; k is a coefficient of
propor*ion; S, and 3y are the strengths of the bonding orbits.# Since this

relation is derived for a monocelectronic bond; we cannov mechanically carry it
over to 4 bielectronic bond, as Pauling has done, We may however assume that also
in the case of a bielectronic bond the dissociation energy is datermined by

the strength of the bonding orbits.

E, o = £{(Sy, Sg) (2)
Ry-Ry T UAY TBL

# By "strength of a bomding orbit" we mean the maximum amplitude of the wave-
function describing the state of the valence-sloct. n of a given atom or
- radlcal,
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where E; p is the dissociation energy ofamolecule B

"‘R}an
A B AT
Let us censider the dissociaticn energy of iwo series of molecules
R-—RA and T Ry, where R, are certain specified radicals and R is variable.

On the basis of squation {2), we find;

Epg, = £(8, 821, Egyp = £{S, Sgl. {

P
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Since S is a pararmeter, then between ER 2 and Ep - there must exist
~y B
E:

a well-defined relationship, a fact which is confirmed by experimental datals?,
Investigating this interrelation between disscciation energies, we found the
smpirical formula. .

~C,0
By p "Bofl=e *0), - (L)
A™'B

where E, is an empirical constant depending on the type of bond; s and ¢, are
empirical constants depending or the nature of radicals R, and Rga.

To convince ourselves of the validity of formula (L), let us compare
the dissociation energies of the two series of molscules RwRA and R-R_:

=Cy, o ccB, \
Bpp "Bl -e )y Epp =B (l-e Tl (5
O A B
Eliminating c, we get.
' | BB, o Rk
. 1n(1l - 3 .- In(l - ). (6)
E, B Eq :
It will be seen {rom Fig.,l that with vroper choice of Eo & linear

|
l ER-RA ER_RB
l relationship between In(l - —E—-) and In(l -

0 o
At small values of E {formula (L) becomes:
R, -Rg

) is in fact maintained,

E, r = Eqc,c {7
AARB o%A*B

and coincides in form with equation (1), derived from quantitative calculation
of the monoelectroni: bond,

On the basis of the above, we may take it that the empirical constant
¢ defines the strength of the valence~orti* of a radical,

Using formula (L), we calculated from the experimental data ths
following values for ¢ and E,.
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Values of ¢ for various radicals and atoms: cyanogen 1.8, ethinyl
1.77, chlorine 1,67, bromine 1,33, phenyl 1,15, hydrogen 1,17, vinyl 1.16,
iodine 1.0, methyl 1,00, ethyl 0,78, n-propyl 0,94, n-butyl 0,90, tri-
iodomethyl 0.R¢, isopropyl 0,86, acetyl 0.83, formyl 0,82, tribromomethyl 0,82,
ternary butyl 0,42, trichloromethyl 0.73, benzyl 0.66, m-xylyl 0.65, allyl 0,6k,
A-naphthyi-metnyl 0,64, P-naphthyl-methyl 0.6L, n-xyliyl 0.635, methyli-allyl
0.635, o-xylyl .62, triphenyl-methyl 0,31.

R T —

Values of E, for different types of bond: Eg“c = 133, EC'Cl - 99,

o-I C-H

r4l
8575 e 03, BT « 8L, Eg

= 145 keal/mol,

The empirical constants thus found were utilized ito calculate soms
3till unknowr dissociation energies. The results of the calculatien are snown
in Tables 1 and ¢,

In conclusion, we express our gratitude to Professor-G, A, Razuvayev
for his valuable guidance in the carrying-out of this work,

Gor'ki Naticnal Uaiversity, . Received November 12, 1952,

REFERENCES

1, J. S. Roverts, H, A, Skinner, Trans, Farad, Soc., L5, 339 (19L9).
2, M, Szwarc, Chem, Rev,, L7, 75 (1950).

3, L. Pauling. The Nature of the Chemical Bond, (Translation from English)
19L7.

L. A, F, KAPUSTINSKI. Dok. Akad, Nauk, 67, L67 (19L9); 67, 663 (19L9).

5, V.V, VOYEYGLCKI. Dok, Akad, Nauk, 79, LS5 (1951).

O R




o

Sy e

W

g

N

- ‘(7 9cunasgoc WOdI ®v1Bp
> [4
2 ! c 3
‘moreq T sounaeTHx woag TIBP ‘5A00UB) sS3nTRA [rrUsWTIJOA¥D wmw pwc,w
T T 124 -X
943 38 !SnTBA DO, (NO[BO oY} ST [{00 4yous Ut 1yd.T 9y} 3B o5 13 *
. . . . 9 8'9 6'L9 L9 | 10
m s | i'm _ 909 _m.a _:m _cﬁ _ 9°96 _n$ _mﬁ T& _:,.. T B *1!3_ _ ] oo
T T T, DUy N SR SR R R DA = 3
o Vet - g <8 3434 48 byeopr t18Y gegg 6901 eWl | £90l _ 6'c0s T oS oW
o vty o | v s ;T‘m‘:t,w%ﬂm_._‘_,mm | var __.mmﬁl?vi- _I-‘{“i- m,\.! or T e e e Jx:; i {IEA
s 0'36 49 [ grgg 405 ) Twl | 9 0'zs 59 oo | iegtlo et BT I 042
£'09 [6ot “ 095 _ 8's9,% sg e ?xwwlliw‘.!nlﬁw.f_;rl, il m.%l__ o .,_zﬂ,ubyll w va - _ e :n v Zm.4: i
- . e Lo ‘ (PLIVY 1'69 ; " 1" , O 2
a'e Txm Iy G:?._ 6'v9 _ _,w.mui_mmn ?S%S _ Lo _o_.m_ e | £18° S pR L \vr,f_-i o _J . o
w b e | s ot leve o' I | 1eg * 5's2 [ro  |oe g o [ e _ml.mi ;_l S I
L wm.z_.x]!, ‘_N«Mt;_lll-(._:.cil . e S R ._ 48°28 |0y cS°V8 | 219,58 ~ 1'se, “ o'vr, o *HPOTHD
ros IS oes 9| giag lsve o) o wlst _ e Jow  |ew s 2 fesg’t S st | 2ug 08 | :g gl I ’
i Tloes 8 BI iy | gres 200V gere 482 ) were 28 U8 | e i ! o
gill e ls'ze o et 28819 |evoor i s*ont x:“ o e mm%“m: s'is B g B, | o9 ey (6 &clal W
6 e T I el Tegm 0 s wfG) lstoor SO0 oo, 28] 1E s o T | o
s Jcte b s Joon 000 eoont | 03 _ wsit Jattor U oteor e BT g g LU N Ie
" T 3 L - _wﬁm_ l:_ e i o L Y I T PRy RS _ 215 o3l ~ P Y Ho%Ho
£l _h o mmi_lm.vﬂ4 ovs?.92 l6-ee _o & e D o'es * R A * CHGE Y Sitl_l_wmo 5q | 0wl ;fﬂ ki ion 2 B
R :Llwi [ ‘ . [ FIT P us ey =D
. Q;mo‘w: SECIINN _.\. 18,478 It'or T.E le* st | o st 6 459 Joee w,%__-mawm pfu_m.lir.:ié A | g | 3\: e
it e ) loreg 82 | - 99 | r1a 418 g rpe9m. 081 69 7 [pgt _ o1 :: bore, 88 | et | CHMD
9's6 _ veo  ls'w plee fses bra [ ot | TR L LTI 2955 | c;:‘_i.lfﬁx_,il@r L e
PV ey 59 1 cql 69 v i 8t & W
) m:t( loaw  Jirse  fee  JewsSES e U8 | oot |8 16559 [1ogg¢' 98 Jyegg ¢69 7 Jotwe ¥ Lm‘mll‘._«t{i Clew ¥ L o H
et - [ 599 L 5 R S en
e'ot _:a ¢l :G fo*1s _c ?SETB&B TS_SE TRW,.WWTS | syl | 9 1o 4L grged &T.lmrhw I\_mufn _hﬁ n _ o
T Ty R S TR | e 2 ¢st] & | S
SRR S 5 3 i o dag OO [ o008 1S [ {100 118 | gy, 10 | g, SE e 9e1 288 | 660,84 | 5°0ny 6L e
“sot _ vt Fotirdit |uee i_ E-mc.m Ioeg, 8B | s0r, 8T | i3 | t'em, 22 | o _ > ll,-mrm -;fl‘ﬁm [ 8t P_f.i\ R o
oo [iniit | m.%rm: frre e 2 el JreorgSt | o 195.9 | 1 9%8 B AR _ st | s 5: tls .w..l 538, al
. ,m,& gl 1 8L 25* : o
b, L gy SLo Ity ‘o 4011 8,19 evegbhl e l'er 60906 | 628,50 | 6°ee, . £8
L e._v..m.x Eryh zﬁm.m_. se m 0'v9y 53 [5'28 ortgiyyy | 9%y [ 116,58 _ U o 5 |
L | o o
a1 e ! [e] [a}
1 a 1 o | o 0 z 2 2 < Q
s AR 8] 2] ¢ 0 glgl gl il g]
N WJO o o ™ & [2) e} [} = e = =
¢ e s x 2 ) £ : <
£ = & 1 X s
2 | -
] ——
- - y O0T3rIOOSS
‘puoq [—-D a°9[0W/{8d0Y Ul sSsTNOsTOW ojuBBJI0 Jo AJusus u T1RIO0SSIQ
1 9T98j

632

t
m
_




Table 2 °

. | - Dissociation enzrgies »f ornanic molcecules in zcal/mole.®
L, W,C*H’ o1, C-Br, C~I wcnds. o
‘I . H » Ci Br J
C) CH i T m”%JL<%M‘
C:H, o~ e 68 i 66,5 1~,2ﬁ.~,;153,4
{ ¢ — . :
‘I %-CsH, e et oo by ‘ ~ 1
I u-C,H, | e o, Y 734 é L Gt
, o 93 ol 63,0 49,9
é C(CHy), | K67 S i5,9 e 64 1 An? i
| CH = CH, ez e IR j 6 35 o
CHCH=CHy | gy % % g e 0 Mk g30T
c—ch | <1 126 4 | 93,9 025 69,6
. [ ‘
Cels :102? 1A 2 854 725 Lot 8.5
CH,C\H, ?’1534 RS T iggiﬁ xy2i22;~39 0,6
cZ? i 89,2 i 73,9 % 60,4 ! 47,0
| c?8 ; 9,0 §70,7 74,1 ig? 61,0 féf:87 47_,_
| O CN | 1 ST L 1 o 70,1
{ H ' ' ! ' i
: »
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- Figel. Interrclation
! ‘ 4 ~ BN \ N - ~
, dissociation cnergic
i certuln organic mole

A ~ Ny
(VAR VIS ,»
. A\l ‘5 J
~ oYy
‘ . uI{,j LT
X C [

right in each cell is the calculated
wie left, the experimental values (above,
data from reference 1; below, daia [from reference 2).




